fi shermen that isn't suitable for human consumption.
There is also much potential to make aquaculture itself less dependent on fi sh feed and oil. Some species of carp are vegetarian by nature and can be cultured with little or no fi sh feed, as can many shellfi sh like clams and mussels. In principle, these species could fi ll the breach when the fi sh feed supply becomes exhausted. This kind of nofeed aquaculture already constitutes 30% of the fi sh-farming market.
There is even hope that vegetarian salmon may one day be farmed. Mostly due to the rising cost of fi sh feed, salmon farmers have already found ways to use fi sh feed more sparingly, during specifi c stages of salmon growth and development that most benefi t from it. It's already been proven that a fi sh like a salmon or trout can be raised on a completely vegetarian diet but their growth is reduced, making the process commercially inviable. As technology develops, however, and we learn more about the biology and nutritional requirements of farmed fi sh, it is realistic to expect that we will soon be able to raise species such as these completely on plant-based protein.
Coming to terms with the ocean's limits
Paul Greenberg in his best-selling book Four Fish pointed out that fi sh are the last wild food. Perhaps it makes sense that the ocean, the last domain on Earth yet to be fully explored, is also the last refuge of wild food. Its vastness and the amount of life within it are such that it would have been unimaginable for a person living 200 years ago to conceive that mankind could actually remove fi sh faster from the ocean than they could replace themselves. Now, we know the ocean's resources are not infi nite, that there is a hard ceiling beyond which we cannot trespass. Our solution to the ocean's limitation appears to be to lasso and corral those silvery inhabitants of the sea and raise them up like steer. In his book, Greenberg understandably laments the taming of such a beautiful specimen as a wild Chinook salmon. But domesticating such animals will probably do more to save the ocean's wildlife than anything else. 
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with sexual reproduction facilitated (enabling pollination and movement of seeds and propagules) by animals as well as water movement (currents). Although sexual reproduction is key to maintaining diversity and adaptation, seagrasses also utilise asexual reproduction, which is important for meadow growth.
Where do seagrasses live?
Seagrasses are present in shallow seas on the continental shelf of all continents except Antarctica (Figure 1 ). Documented distributions include 125,000 km 2 globally, but estimates suggest seagrass meadows cover more than 600,000 km 2 of the coastal ocean. Seagrass meadows are largely soft sediment intertidal to subtidal benthic habitats that thrive in sheltered environments -such as shallow embayments, lagoons and estuarieswhere wave attenuation is limited and light and nutrient levels are suffi cient. Depth distribution is largely controlled by the availability of light with tidal exposure, wave action, associated turbidity, and low salinity -all of which determine seagrass survival at their shallow edge. Intertidal seagrass is prevalent where there is suffi cient shelter from wave action or where there is entrapment of water Why are seagrasses defi ned as ecological engineers? Seagrass plants are termed 'ecological engineers', as they signifi cantly modify their environment -by attenuating currents and waves, they reduce nutrient levels, decrease turbidity and thereby enhance conditions for optimal growth. The more extensive the area and denser the seagrass meadow, the greater the capacity to facilitate this positive feedback ensuring affable conditions.
Seagrasses enhance their own survival in sulphide-rich and otherwise toxic sediments by exuding oxygen from their roots into what would be anoxic mud. This action is supported by a three-way symbiosis between the seagrass, lucinid bivalves, and their sulphide-oxidizing gill bacteria. The symbiosis results in reduced sulphide stress for seagrasses, with provision of organic matter and radial oxygen release from the seagrass roots for the bivalves and their endosymbionts.
Why are seagrass meadows important?
The benefi ts that humans derive from seagrass meadows are termed 'ecosystem services'. Some of these services span the global seagrass range -such as water fi ltration, habitat provision, fi sh nursery grounds and biodiversity support. However, local variation occurs in the services exploited and goods extracted.
Their provision of fi sh feeding and nursery habitat is often cited as rationale for seagrass protection. Indeed, seagrasses provide shelter from predators, and provide an abundant food supply, such as small crustaceans, supporting fi sh stocks [6] . There is growing recognition for the value of seagrass in supporting diverse and productive fauna that creates rich fi shing grounds, providing a level of food security. For example, at low tide, exposed seagrass meadows in the tropics provide an accessible human hunting ground for small fi sh and edible invertebrates. At other times, traps and nets are used to catch predatory fi sh that migrate in and out of seagrass (Figure 2 ). The Atlantic cod (Gadus morhua) is the world's third most landed fi sh species. This historically important fi shery species favours seagrass as a nursery ground, with evidence suggesting that juvenile cod grow faster and have improved chances of reaching maturity when living in seagrass meadows.
Seagrass meadows also act as an important fi lter of coastal water pollution, maintaining the health of fi sheries and associated coral reef habitats. Recent evidence has discovered that in the absence of coastal seagrass meadows, coral reef disease and bacterial contamination of fi sh species is increased due to reduced water fi ltration of wastewater.
In addition, seagrass meadows play a signifi cant role in climate change mitigation though carbon storage within their sediments. Estimates suggest that seagrass meadows bury carbon 40 times faster than tropical forests, and provide one of the greatest contributions to the total carbon buried in ocean sediments. Because seagrasses are net photosynthesisers and are highly productive, they also rapidly utilise carbon from the water column. This has resulted in considerable attention being given to the role seagrass plays in altering seawater chemistry and potentially buffering small-scale impacts of ocean acidifi cation on calcifying fauna, such as corals and molluscs.
What is the future outlook for seagrass meadows? The ecological value of seagrass meadows is irrefutable, and yet they remain in decline and largely marginalised on conservation agendas. Action is required to stem the loss of the world's seagrass meadows and to prioritise protection based on their array of ecosystem services.
As the human population grows, our impacts on the environment increase. Poor water quality (particularly elevated nutrients in waste water) as a result of poor catchment management together with a diverse range of pollution sources is the biggest threat to seagrasses globally. Water quality problems are particularly acute in developing countries with rapidly growing economies, where municipal infrastructure and environmental legislation are lacking. Coastal development is a threat with boating, tourism, aquaculture, ports, energy projects and housing developments all placing pressure on seagrass systems. Local and regional threats to seagrass exacerbate the impacts of climate change, ocean acidifi cation and sea level rise. Minimising local stress on seagrass will support their capacity to remain resilient to the impacts of larger scale, longer term stressors. This means improving local water quality, preventing damage from destructive fi shing practices, including seagrasses in Marine Protected Areas, preventing overexploitation of seagrass fi sheries and mitigating stress from coastal development. Bold steps are required to ensure the recovery and restoration of these habitats, but the cumulative effect of multiple small-scale actions can work towards a brighter future for these underappreciated undersea gardens.
Where can I fi nd out more?
Cullen-Unsworth, L.C., and Unsworth, R.K.F. 
Marine microplastics

Tamara Galloway* and Ceri Lewis
What are microplastics? Unless you've been out of contact with global media for a while, you will have heard of microplastics. Microplastics is a word coined to describe the vast tide of microscopic plastic debris that is now found throughout the world's oceans. Wherever we look, from beaches and coastlines, to subtropical oceanic gyres, polar ice caps and even the deepest parts of the ocean, we fi nd microplastics. Microplastics (<1 mm in size and with no lower size limit) are formed by the fragmentation of larger plastic items, ropes and synthetic fabrics through the mechanical action of wind and waves or by sunlight-induced photo-oxidation. They are also made up of items manufactured to be small, such as the microbeads added to cosmetics and shower gels as exfoliators to make skin feel soft and that then wash down the drain into the wastewater system, or the tiny particles generated by 3D printers or used in paints and coatings that reach the oceans through a similar route.
Plastics are synthetic polymers, which make up around 25% of the output of the global chemical industry, with around 4,000 different formulations in current manufacture, worth billions to the global economy. Plastics are wonderful materials; lightweight and durable, cheap to manufacture and non-toxic. They can be made into endless colours, shapes and materials (Figure 1 ) depending on the addition of dyes, plasticisers, hardeners, softeners, UV screens and antimicrobial agents, allowing us to manufacture many of the constituents of daily modern life that we take for granted: plastic bags and bottles, packaging materials, computer screens, plant pots, construction materials, clothes, medical disposables and even medicines themselves.
The term 'microplastics' therefore refers to a complex mixture of shapes and sizes, fragments, fi bres and particles made from a multitude of polymer types and chemical additives. Unsurprisingly, it is our favourite plastics in terms of global tonnage that also form the major constituent of marine debris. Polymers
Quick guide
that are less dense than seawater, like polyethylene and polypropylene, are more likely to fl oat on the ocean surface, whilst polymers with a greater density, such as polyvinylchloride and polystyrene, settle in the water column or accumulate on the ocean fl oor.
How much is too much? Think of a number, any number, multiply it by a million and you are probably not even close to the amount of plastic currently in the oceans. Globally, we produce around 300 million tonnes of plastic per year, of which around 50% is intended for single use before being discarded. Conservative estimates suggest that there are over 5 trillion individual pieces of plastic fl oating on the ocean surface -that's a million pieces for each human being living on the planet! These eye-watering numbers don't include the tiny fragments at the nanoscale that form as microplastics break down to form nanoplastics, since we're not yet able to measure this size range in the environment. It has been suggested that there is now enough plastic to form a permanent and distinct layer in the fossil record. Interestingly, fi bres outnumber fragments and beads, at the sea surface, in sediments and in the bodies of marine animals. Black and blue fi bres are more common than any other colour.
What harm do they do? Just because microplastics are in the oceans, doesn't mean that they are doing any harm. Plastic is safe, right? The problem is that microplastics have accumulated in immense quantities in locations and in a form that was never envisaged when they were manufactured, and so most of the tests that have been performed to guarantee their safety in consumer items are inappropriate for determining their risk to marine life.
Does size matter?
Microplastics raise concern because their small size overlaps with the preferred prey items of many marine animals, including indiscriminating fi lter, suspension and detritus feeders near the base of the food web, allowing these particles to be ingested along with, or instead of, normal food. Field studies have revealed microplastics in the guts or tissues of hundreds of marine species, including planktonic species from surface waters such as copepods and larval fi sh, and in
